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ABSTRACT

Purpose. To examine the training load of goalkeepers in professional football.

Methods. Overall, 74 individual preseason training sessions of 3 clubs’ goalkeepers were analysed with the use of the Global
Positioning System. The total of 12 physical parameters (total distance, high speed running, high metabolic load distance,
high metabolic load efforts, high metabolic load time, sprint, maximum speed, acceleration, deceleration, impacts, dynamic
stress load, and step balances) were compared depending on the perceived exertion by the goalkeepers’ coach (low, medium,
or high training load). The ANOVA with post-hoc least significant difference, Bonferroni and Gabriel tests, or alternatively
Kruskal-Wallis and Mann-Whitney tests were used (p < 0.05). The effect size and Pearson coefficients of variation were
also calculated.

Results. The dynamic stress load, impacts, acceleration, deceleration, high metabolic load time, and total distance appear
to have superior values assigned to the session type with higher workout load design. Unexpectedly, this trend is reverse for
maximum speed, sprint, and high speed running load comparisons, although the differences attributed to sprint seem to have
no practical value.

Conclusions. Training monitoring is needed to ensure that the load applied matches the intentions of the coach’s prescription
and meets the purposes of accurate periodization. This information can be used to better understand goalkeepers’ training

load during preseason.
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Introduction

Performance analysis in football aims to increase
the knowledge of the players’ match performance, which
refers also to goalkeepers (GKs). However, there is
a lack of studies concerning the match and training
activity of GKs. For example, some align with the
technical performance domain of GKs, considering
situational variables [1], intervention characteristics
in parallel with features of the opponent [2] or propose
a model focused on game actions [3]. The GK perfor-
mance was also evaluated with reference to saves-to-
shots ratio (shot path, trajectory, and style) [4]. Aspects
related to the penalty kick were also targeted [5]. An-
other line of research profiles anthropometric (e.g. an-
thropometry, somatotype, and body composition) and

fitness (e.g. endurance, sprint, and jump tests) charac-
teristics of players, depending on their position (GKs
included) [6]. A review of a series of studies concern-
ing this issue can be found elsewhere [7].

Different instruments have been used to monitor
the external load of football players, such as video track-
ing systems [8] or the Global Positioning System (GPS)
[9]. Comparisons of the results between various match
analysis systems must be performed with caution [10].
The physical performance of players at different po-
sitions and competitive standards is properly docu-
mented [11, 12] but the same cannot be stated about
GKs since most studies exclude these team members
from analysis. Di Salvo et al. [13] and Malone et al.
[14] are exceptions. The former paper analyses the
distances covered by GKs during a match at different
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velocities. A limitation is that high intensity actions
such as clearing, controlling, and saving were not con-
sidered [7]. The latter paper is an exploratory case
study that attempted to quantify the load-response
relationship during a competitive season. However,
this study focuses only on a single GK, and the gen-
eralization of the findings becomes an issue. There is
a poverty of studies that examine the physical exter-
nal load of GKs, either in match or in training. This
constitutes an important limitation. Indeed, football
GKs are required to perform strenuous actions dur-
ing training sessions and actual games. Therefore,
obtaining relevant information about their physical
characteristics and physiological attributes supports
planning training programs for them, for different
phases of the season [7].

The effective planning and organization of training
are crucial to the effective delivery of training stimuli
[15]. Training monitoring is critical to the process of
quantifying training periodization plans [16] and for
improvements in the preparation, training, and recovery
aspects [17]. Thus, continuous monitoring of all train-
ing sessions and matches is recommended for future
research in order to provide a clear insight into the
performance workload [18]. Given the validity and re-
liability of the data collected by GPS [19, 20], its use to
perform time-motion analysis in football has become
popular, and several examples can be found in the
literature [e.g. 9]. There are a large number of varia-
bles that can be measured by GPS devices [21]. The
possible performance indicators applied to evaluate
physical performance were extended, which allowed
to go beyond the measure of the running distances of
players at different speed thresholds, especially owing
to the complementary use of accelerometers integrated
in GPS units [22]. For instance, Gaudino et al. [23] in-
clude the dynamic-stress load, and Bauer et al. [21] point
at the player load. This information allows more ac-
curate training plans.

The aim of this study was to determine the char-
acteristics of GKs external load during a preseason
training within a professional club setting. It was hy-
pothesized that the GKs of the sampled team altered
the type of training load in accordance with the pur-
poses of training periodization. Differences in the
existing physical demands should be superior in the
high load training sessions defined by the coach as com-
pared with moderate or low load training sessions.

20

Material and methods
Participants and data collection procedures

Training load data were collected with the use of
GPS during 28 preseason trainings of a 2015-2016
Portuguese Premier League team, which also partici-
pated in European competitions. The preseason lasted
from June 27" to July 22™, including 21 days of train-
ing, with 7 two-day trainings. It was a short preseason
owing to a prequalification UEFA Europa League
match. A 4-week training took place before the first
competitive microcycle, whereas the first official game
appeared in the 5™ week of training. The first micro-
cycle for the competitive period was not included as
the study was focused on preseason. Therefore, 74 indi-
vidual preseason training sessions (27 with low train-
ing load, 22 with medium training load, and 25 with
high training load, as classified by the GK coach ac-
cording to the criteria defined in Table 1) of 3 clubs’
GKs (age: 26.3 £ 5.5 years; body weight: 88.3 + 3.2 kg;
height: 1.90 + 4.9 m) were examined. Because of an
injury, one of the GKs only took part in the first 18
trainings. The remaining GKs participated in all the
preseason sessions. There were 2 missing values in
the variable of high metabolic load time for 1 GK
(1 concerning the low training load, 1 for the medium
training load). The trainings took place on a natural
grass field. All GKs were familiar with the training
protocols prior to the investigation.

The GKs physical activity during each training ses-
sion was monitored with a portable GPS unit (Viper pod,
version 1.2, STATSports, Northern Ireland). The device
provides position velocity and distance data at 10 Hz.
Each Viper pod contains 4 processors, 3-dimensional
accelerometers, a 3-dimensional gyroscope, a 3-dimen-
sional digital compass, a long range radio, and a heart
rate receiver. These components log data at a rate of up
to 100 Hz and stream data at over 50 Hz.

GPS devices have been recognized as valid and re-
liable tools for measuring total distance, high speed
distance, sprints, and other. These are among the data
that the new feature has access to [24, 25].

Variables

GPS data were downloaded on a daily basis and
included 12 physical parameters: total distance (TD),
high speed running (HSR), high metabolic load dis-
tance (HMLd), high metabolic load efforts (HMLe),
high metabolic load time (HMLt), sprint (Sp), maxi-
mum speed (MaxS), acceleration (Ace), deceleration
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(Des), impacts (Imp), dynamic stress load (DSL), and coach. Operational definitions of these variables are
step balances (SB). The data were analysed in relation displayed in Tables 1 and 2.

to 3 training load variables (low, medium, or high train-

ing load) that were sorted by the GK coach in accord- Statistical analysis

ance with the planned exertion definition. The defi-

nitions of low, medium, and high training load were The one-way analysis of variance (ANOVA) with
developed with the GK coach and validated by an aca- post-hoc least significant difference, Bonferroni, and
demic researcher and a strength and conditioning Gabriel tests or, alternatively, when the assumptions

Table 1. Characteristics of the goalkeepers’ training loads (independent variable of the study)

Low training load As in all training sessions planned to have an impact that is too low in terms of external physical
loads. The parameters associated with recovery are enhanced (e.g., relationship between time
of action and rest to promote fatigue prevention and the type of exercises selected)

Medium training load As in all training sessions planned to have an impact that is not considered too low or too high
in terms of external physical loads. The parameters associated with high load are enhanced
(e.g., relationship between time of action and rest and the type of exercises selected)

High training load As in all training sessions planned to have an impact that is excessively high in terms of external
physical loads. The importance of high-intensity training bouts is promoted. The parameters
associated with very high load are enhanced (e.g., relationship between time of action and rest
and the type of exercises selected)

Table 2. Characteristics of the physical parameters used in the study

Parameter Description
Total distance - Total distance during the whole training session (measured in meters)
High speed running - Distance covered in zones 5 and 6 (measured in meters)

— Zone 5 (> 5.5 m/s), zone 6 (> 7 m/s)

High metabolic load distance - Includes both high speed running distance and distance covered while accelerating
or decelerating above 2 m/s* (measured in meters)

High metabolic load efforts - Shows the number of times the high metabolic load distance occurs throughout
the training session

High metabolic load time — Shows the time spent covering high metabolic load distance

Sprint - A number rather than a distance; number of sprint entries (default > 5.5 m/s, zone 5).
Speed must be maintained for > 1 s for sprint to be registered

Maximum speed - Measure of total exertion based on ‘time at speed’ (m/s)

Acceleration - Gives the total number of accelerations based off zone preference selection
- For an acceleration to be registered, an increase in speed of at least 0.5 m/s?
must occur for at least 0.5 s

Deceleration - Gives the total number of decelerations based off zone preference selection
- Decelerations are measured in exactly the same way as accelerations: a decrease
in speed of at least 0.5 m/s* must occur for at least 0.5 s

Impacts — Shows the total number of impacts

Dynamic stress load - Total of the weighed impacts. In a non-collision sport such as football, the majority
of these impacts are dominated by running steps
- Therefore the dynamic stress load for a session represents the loading effect
on the body

Step balances — Involves the use of an accelerometer and determines the average peak impact
with each step for the left and the right foot
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of parametric tests were violated, Kruskal-Wallis and
Mann-Whitney tests were used to examine differences
across the training loads. The significance level was set
at 5%. Effect size (ES) was calculated to determine the
practical meaningfulness of the difference. The thresh-
old values for Cohen’s ES were as follows: > 0.2 (small),
> (0.6 (medium), and > 1.2 (large) [26]. To examine the
training-to-training variability from each training load
category of the GKs, the Pearson coefficients of vari-
ation (CV) were calculated. To express the percentage,
the value was multiplied by 100. Data analysis was
processed with the use of the SPSS for Windows soft-
ware, version 22 (IBM Corp., Armonk, NY, USA).

Ethical approval

The research related to human use has been com-
plied with all the relevant national regulations and
institutional policies, has followed the tenets of the Dec-
laration of Helsinki, and has been approved by the
Ethics Committee of the Faculty of Education and Sport
Sciences, University of Vigo, Spain.

Informed consent
Informed consent has been obtained from all indi-
viduals included in this study.

Results

Table 3 includes the descriptive statistics for the
physical performance indicators as a function of the
training load defined by the coach.

Considering the training load, significant differ-
ences were found for DSL, Des, Imp, HMLt (p < 0.01,
with parametric tests), and HSR, Ace, MaxS, Sp (p <
0.01) and TD (p < 0.05) (with non-parametric tests).
No significant differences were found for HMLd, HMLe,
or SB (p 2 0.05).

Comparison of low vs. medium training load

HSR (p <0.01, ES = 0.81), MaxS (p < 0.01, ES = 1.08),
and Sp (p < 0.01, ES = 1.12) were inferior for the me-
dium training load, with 14.8 m, 1.2 s, and 1 sprint less
in median, respectively. ES values were classified as
medium. CVs equalled, respectively, 167.4, 16.9, and
113.3 percent for the low training load and 185.7,
12.7, and 500 percent for the medium training load.

DSL (p <0.01, ES = 1.65), Ace (p < 0.05, ES = 0.81),
Des (p <0.01, ES = 1.12), and Imp (p < 0.01, ES = 2.08)
had superior values for the medium training load, with
47.3 mean load, 10.5 accelerations (in median), 13.5
decelerations, and 29.2 impacts more in mean terms,
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respectively. ES values were classified as medium
(e.g- Ace, Des) and large (e.g. DSL, Imp). CVs equalled,
respectively, 48.0, 52.5, 44.1, and 58.2 percent for the
low training load and 24.4, 44.0, 39.4, and 25.9 per-
cent for the high training load.

Comparison of low vs. high training load

HSR (p < 0.01, ES = 0.75), MaxS (p < 0.01, ES =
1.13), and Sp (p < 0.05, ES = 0.72) were inferior for
the high training load, with 14.8 m, 1.1 s, and 1 sprint
less in median, respectively. ES values were classified
as medium. CVs equalled, respectively, 167.4, 16.9, and
113.3 percent for the low training load and 183.9, 10.9,
and 200 percent for the high training load.

DSL (p < 0.01, ES = 3.63), Ace (p < 0.01, ES = 1.39),
Des (p < 0.01, ES = 1.89), Imp (p < 0.01, ES = 4.00), and
HMLt (p < 0.01, ES = 1.13) had superior values for
the high training load, with 104.6 mean load, 16.0 ac-
celerations (in median), 23.4 decelerations, 57.0 im-
pacts, and 17 s more on average, respectively. ES values
were classified as large. CVs equalled, respectively,
48.0, 52.5, 44.1, 58.2, and 27.8 percent for the low
training load and 16.2, 40.1, 32.2, 17.6, and 21.1 per-
cent for the high training load.

Comparison of medium vs. high training load

TD (p <0.05, ES=0.97), DSL (p < 0.01, ES = 2.12),
Des (p < 0.05, ES = 0.69), Imp (p < 0.01, ES = 2.04),
and HMLt (p < 0.05, ES = 0.76) were superior for the
high training load, with 676.5 m, 57.1 load, 9.9 decel-
erations, 27.8 impacts, and 13 s more, respectively. ES
values were classified as medium (e.g. TD, Des, HML)
and large (e.g. DSL, Imp). CVs equalled, respectively,
18.3, 24.4, 394, 25.9, and 32.8 percent for the medi-
um training load and 12.6, 16.1, 32.2, 16.3, and 21.1
for the high training load.

With reference to the comparisons established,
Figure 1 displays the significant differences within the
training load comparisons. The ES is also qualified.

Discussion

The aim of the current study was to carry out the
performance assessment of GK physical load during
preseason training within a professional club setting.
Training loads were adjusted at various times during
the training cycle [27]; as hypothesized, the type of
training altered in accordance with low, medium, or high
load. These conclusions are in line with the scientific
literature suggesting that appropriate periodization
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Table 3. Descriptive statistics (mean [M] and standard deviation [SD], Pearson coefficients of variation [CV] expressed as
percentage, Cohen’s effect sizes [ES], and median [Mdn| and interquartile range [IQR], but only when parametric tests
assumptions were violated) of physical performance indicators as a function of the training load defined by the coach

Training load

Load comparison

Variable 1 medium hich low/ low/ medium/
oW edit g medium  high high
M = SD 3304.3 + 904.5 3218.0 = 588.2 3735.7 £ 4724
Total distance Mdn (IQR) 3382.6 (1017.9) 3192.1 (657.5) 3868.6 (641.5) ¢ ¢ A
i cv 274 18.3 12.6
ES 0.11 0.60 0.97
M = SD 31.3 £52.9 14 2.6 3.1+57
, , Mdn (IQR) 14.8 (29.6) 0.0 (1.7) 0.0 (4.2) o o .
High speed running ¥ cv 169.0 185.7 183.9
ES 0.80 0.75 0.38
M = SD 189.8 + 59.3 186.0 = 68.0 223.4 £ 52.2 A Ai Ai
High metabolic load distancee cv 31.2 36.6 234
ES 0.06 0.60 0.62
M = SD 182 £ 6.5 17.5 £ 10.2 19.2 £ 8.5 A A A
High metabolic load effortse cv 35.7 58.3 44.3
ES 0.08 0.13 0.18
M + SD 54 + 15 58 £ 19 71 £ 15 A o o}
High metabolic load time (s)* cv 27.8 32.8 211
ES 0.23 1.13 0.76
M = SD 1517 0.1 +0.5 0.5+1.0
_ Mdn (IQR) 1.0 (2) 0.0 (0) 0.0 (1) o A .
Sprintt¥ cv 1133 500 200
ES 1.12 0.72 0.51
M = SD 6.5+ 1.1 55 +0.7 55+0.6
. Mdn (IQR) 6.6 (1.6) 5.4 (0.6) 5.5(0.8) o ¢ ¢
Maximum speedf¥ cv 16.9 12.7 10.9
ES 1.08 1.13 0
M = SD 244 +12.8 36.1 =159 46.6 = 18.7
. Mdn (IQR) 23.0 (21) 33.5(23) 39.0 (29) A & ¢
Accelerationt¥ cv 505 44 40.1
ES 0.81 1.39 0.60
M + SD 22.0+£9.7 35.5 14 454 + 14.6 o o o
Deceleration*® cv 44.1 39.4 32.2
ES 1.12 1.89 0.69
M = SD 24.4 + 14.2 53.6 £ 13.9 81.4 +14.3 o o o
Impacts* cv 58.2 259 17.6
ES 2.08 4.00 2.04
M = SD 63.1 = 30.3 110.4 = 26.9 167.5 = 26.9 o o o
Dynamic stress load* cv 48 244 16.2
ES 1.65 3.63 2.12
M = SD 0.14 = 0.03 0.02 £ 0.03 0.00 = 0.04 A A A
Steps balancese cv 214 150 -
ES 4.00 3.96 0.57
T The normality assumption was rejected (Shapiro-Wilk test, p < 0.05)
I The equality of variances was not assumed (Levene’s test, p < 0.05)
ANOVA (homogeneity of variance assumed): * p < 0.01,ep > 0.5
post-hoc tests (least significant difference, Bonferroni, Gabriel): A p>0.5,0p <0.5,0p < 0.1,
Ai least significant difference test, p < 0.5; Bonferroni, Gabriel test, p > 0.5
When parametric tests assumptions were violated: Kruskal-Wallis test: ¥ p < 0.01, § p < 0.05;
Mann-Whitney test: ¢ p < 0.01, A p < 0.05, ¢ p>0.05
93

humanmovement.pl

HUMAN MOVEMENT, Vol. 19, No 5, 2018, SPECIAL ISSUE (SCIENCE IN SOCCER AND FUTSAL)



HUMAN MOVEMENT

L. Esteves, P. Santos, C. Lago-Penas, Training load and periodization in goalkeepers

K
—
3 o =
. : —
m m m
0 o1
- o~ o w0
= < = S
m m m m
HSR* MaxS* Sp* D
(Me) (Me) (Me]) (Me)

OLow vs Medium  ELow vs High B Medium vs High

=21
o
G 0 A
%555,
PLOE:
L]
rre
P1IL:
e
s
P2PY
AR
A
9rre
9oL,
L]
o 9555, m
) 557 oo
— 1 s
<t S
= 7
~ 255
i,
9o
19294
o
e
1927
5%
927
[Ta] LN r-»g_
=} o =) m~
—l — ~ —
m m 1 m
Ace Des Imp HMLt
(Me) (M) (M) (M)

Descriptive statistics: (M) mean, (Me) medium
Effect Size: (m) medium, (1) large

* The value is negative

Figure 1. Significant differences for the training load comparisons

strategies are essential to high performance [15, 28].

Appropriate monitoring of the training load can
provide crucial information for the improvement of
performance while preventing injuries [18, 22, 27].
The GK actions typically involve explosive, short-
duration movements, such us diving, catching, and
accelerating/decelerating sharply [7], which are often
required in repeated successions [14]. Out of the per-
formance indicators examined, DSL, Des, and Imp
appear to be the most significant to differentiate the
type of training load of a GK. They consistently dif-
ferentiate the studied training categories, with the
values of the high load training more elevated than in
the medium load and these, in turn, higher than in
the low load. Other variables seem to be significant
to assess the GK’s load, with Ace differentiating the
low load from the medium or high load, HMLt dif-
ferentiating the high load from the low or medium
load, and TD differentiating only the high from the
medium load. It must be recognized that for all these
variables the ES values were classified as medium to
large. The CVs were inferior for the high load sessions.
A general pattern is evidenced in these significant com-
parisons, resulting in higher values in the GK external
load corresponding to the session type with higher
workout load design defined by the coach. For instance,
a GK covers more than 676.5 m during a high load
training, which is more than in medium load sessions
(totalizing 3192 m). Interestingly, however, there are
no differences between low and medium or low and
high load training. This may be due to the position-

94

specific practices of the GKs, who often train in small
groups using position-specific training drills delivered
by the GK coach, with some involvement in outfield
player drills (e.g., tactical and small-sided game drills)
[14]. Although the TD variable should be taken into
account when assessing the GK physical performance,
care should be taken as it does not involve all the com-
parison scenarios. From this point of view, TD is not
a major variable to discern in the GK training process.
It is an indicator of external loading more commonly
associated with the volume of training rather than
training intensity [29]. It is known that GK-specific
training is characterized by short-burst movements,
maintained for more repetitions with lower pauses,
under multidirectional and physically demanding tasks.
The TD values found during preseason in this study
are close to those observed by Malone et al. [14] with
a single GK across a season and range between 2553
and 3742 m. This distinguishes GKs from the outfield
players, with lower TD values in matches, e.g. 5611 m
for a GK [13] vs. 10,714 m for an outfield player [30],
and during training sessions, e.g. the mean of 6182 m
for an in-season week 7 [24] or 6871 m in a high inten-
sity session [29].

Significant differences were also found for MaxS,
Sp, and HSR between the low and medium load and
between the low and high load. Superior values ap-
peared in the low load training category, which was
not expected. To explain this, it is necessary to take
into account the nature of the actions performed by
GKs. From a practical point of view, a specific work
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calling for typical GK actions may be more related to
medium load or high load sessions. It is possible that
the low load sessions are usually characterized by
reaction speed actions and linear sprint drills along-
side with outfield players, which may explain these
higher values. It was found that when the high speed
distances covered between positions are compared,
GKs appear to cover only a minor part of outfield
players distances (ca. 17%); this is considered most
likely due to the restriction in space for the majority
of the GK-specific training drills, which limits the
ability to reach higher speed thresholds [14]. Notwith-
standing the small differences in the median of MaxS,
the values are sorted with different thresholds, with
the low load and the high load reaching ‘high-speed
running,” and the median load attaining the superior
edge of the ‘running’ category [30-32]. The difference
found in Sp appears to have no practical value. Further-
more, despite the medium ES observed, the CVvalues
were very high. Seeing that speed must be maintained
for > 1 s to register a sprint, the restricted number of
sprint entries noted with this variable (either average
or median) may suggest that a GK performs speeds >
5.5 m/s for shorter periods. It would be appropriate
to consider a record over a 0.5-second time interval,
as done elsewhere [8, 31, 33]. Interestingly, it may be
stated that during the low load training, a GK covers
a few meters more at HSR. One must be aware that
the CV expresses high values. The HSR recorded encom-
passes 2 thresholds for locomotor categories [30-32],
representing a very high intensity domain [34], which
may involve a higher injury risk [18]. Future research
needs to ascertain the type of exercises used during
these trainings and its application context to truly
understand the higher MaxS and HSR values in low
load training sessions compared with the medium or
high load trainings.

Usually, there are only 3 GKs in each professional
football squad. This narrows the sample within a club,
which constitutes a limitation of this research. It would
also be important to monitor the heart rate and the
session rating of perceived exertion during the training
sessions to include evaluation of the internal load
[16, 18, 27]. Further work is required to examine the
magnitude of periodization practices, in accordance
with the quantification of GK training load. It may be
argued that the terminology used for the intensity
scale is somewhat vague. Future studies can outline
a better characterization of the GK training load (low,
medium, and high), based on the information collected
in this study about the variables sensible to the GK
load periodization and on the opinion of a group of

experts in goalkeeping coaching. Also, it is important
to ascertain the effect of the duration (e.g. over TD)
and type of training (e.g. position-specific, integrated
with outfield players, or general training). Practical
applications of training load monitoring should be
addressed to coaches and athletes. The process of con-
tinuous monitoring could lead to a better insight into the
actual training load and potentially result in changes
in the training prescription in subsequent sessions
(i.e. load increase or decrease) [18]. There is a need to
examine load-performance relationships [24, 27] and
extend the analysis to the demands of GKs during
competition. This should be investigated with refer-
ence to situational variables [1, 35, 36].

Conclusions

The presented study confirms the existence of a dif-
ferentiated typology of load design in preseason GK
training sessions. The high, medium, or low load clas-
sification provided by the coach was validated. The DSL,
Des, and Imp appear to be the most relevant to differ-
entiate the type of the GK training load, followed by
Ace, HMLt, MaxS, Sp, and HSR, and, lastly, by TD,
with significant differences established within the
comparisons. In DSL, Imp, Ace, Des, HMLt, and TD,
superior values emerge assigned to the session type
with higher workout load design. This trend is reverse
for MaxS, Sp, and HSR load comparisons. One of the
virtues of training load monitoring is to verify that the
player load performance corresponds to the intentions
of the planning and periodization.
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